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The RN A synthesized in isolated fat body cell nuclei of blowfly larvae under the influence of ecdysone and juvenile hormone was studied by sucrose density centrifugation and RNA-DNAhybridization.
RN A produced in isolated nuclei of larvae in the early third instar has a polydisperse sedimentation pattern, showing a maximum at about 14 S, while R N A synthesized in nuclei of larvae in a later developmental stage has, in average, lower sedimentation coefficients. No significant differences in sedimentation properties could be seen between R N A of control and hormone-treated nuclei.
An investigation of the hybridization of RN A synthesized in hormone-treated nuclei showed that the RN A produced under the influence of ecdysone or juvenile hormone is qualitatively different from that of the controls. This points to a specific effect of the hormones on the genome. The antagonistic effect of ecdysone and juvenile hormone on RN A synthesis is discussed on the basis of hybridization studies.
In a previous communication we have reported the stimulating effects of ecdysone and juvenile hor mone on R N A synthesis in isolated fat body nuclei of the blowfly C a llip h o ra e r y th ro c e p h a la 1. These result were consistent with similar effects observed with ecdysone in epidermis cell nuclei of the blow fly 2 and point to a direct action of both hormones on the cell nucleus.
The effects of ecdysone and juvenile hormone on R N A biosynthesis in isolated nuclei can give infor mation about the mechanisms of hormone action, the interrelationship between both hormones and the degree of responsiveness of nuclei from different tis sues to the same hormone. An important prerequi site for these investigations is the characterization of the RNA synthesized under the influence of the hor mones. In this work we have analysed this RNA by two methods: sucrose density centrifugation and RNA-DNA-hybridization.
Materials and Methods

A nim als
Calliphora erythrocephala Meig larvae were reared as previously described1. Only larvae during the feeding period of the third instar were used for these experiments.
Isolation of nuclei and RNA synthesis in vitro
The isolation technique described in our previous communication was used1. This consisted essentially o f: a) homogenization of fat body cells in a buffer containing 0.25 M sucrose, 0.025 M potassium chloride, 0.02 M magnesium chloride, 0.012 M ascorbic acid and 150IU,/ml penicillin G in 0.05 m tris-HCl buffer. pH 7.55, b) centrifugation over 10% Ficoll and c) filtra tion through Millipore filters type NC. For the analy tical characterization of RNA synthesized in vitro large quantities of nuclei were required. For example, three Millipore filters type NCWP with a diameter of 25 mm were used for the preparation of nuclei from 250 larvae (with an average weight of 40 -55 mg).
The filters with adhering nuclei were washed and maintained before incubation in an hypotonic medium, containing 6 //moles mercaptoethanol and 60 IU peni cillin G in 190 //I 0.065 m tris-HCl buffer, pH 7.9. The concentration of nuclear material was 30 -60 /ug pro tein incubation batch. Incubation was carried out for 10 min with hormones and then for 15 to 20 min with RNA precursors in a water bath at 25 °C. The end concentrations in 300 //I incubation medium were 0.5 //moles each of ATP, GTP and CTP (Boehringer Mannheim), 0.2 uC 14C-UTP or 2.0 //C Tritium-UTP (Amersham Radiochemical Centre), 3.0 //moles creatine phosphate, 10 //g creatine phosphokinase, 3.0//moles mercaptoethanol, 6 //moles magnesium sulfate, 60 IU penicillin G and 20 //moles tris-HCl, pH 7.9. The con centration of the hormone in this medium was 1 //g/ml ecdysone or 0.1 //g/ml juvenile hormone. Ecdysone was prepared by chemical synthesis and was a gift of Schering AG, Berlin. The juvenile hormone prepara tion was kindly provided by Prof. H. 
RNA extraction
We used the method of S c h ü t z , G a l l w i t z , and S e k e r is 3 for the isolation of RNA. After incubation, the nuclei were suspended in a buffer containing 0.14 m NaCl, 140 //g/ml polyvinyl sulfate, 4 mg/ml bentonite and 0.05 M sodium acetate, pH 5.0. An equal volume of water-saturated phenol was added and the mixture vigorously shaken at 65 cC for 10 minutes. The emul sion obtained was centrifuged for 5 min at 3500 x g and the aqueous phase extracted until no interphase could be seen. The final aqueous phase was shaken with ether to remove traces of phenol and precipitated with two volumes cold ethanol at -20 °C.
DNA isolation
DNA was isolated from crude nuclear preparations of C alliphora pupae by the method of M a r m u r 4 with different modifications 5' 6 consisting essentially in: a) a treatment with 1.7% sodium dodecyl sulfate for 30 min at 4 C, b) incubation with ribonuclease for 1 hour and c) incubation with pronase for l i hours. DNA from salmon sperm was purchased from Calbiochem.
Sucrose density gradient an alysis
Sedimentation analysis were made with linear sucrose gradients (5 -20%, 5 -30% or 15 -30%) containing 0.14 m sodium chloride and 0.05 m sodium acetate, pH 5.0. Centrifugation was carried out under different con ditions (see figure legends). The gradients were col lected with an ISCO fraction collector and the fractions precipitated on paper discs (Schleicher & Schuell paper 2043b) with ice cold 5% perchloric acid, washed twice with cold 5% perchlorid acid, methanol and ether, dried and counted in a Nuclear Chicago scintillation counter. The sedimentation coefficients were estimated ac cording to M a r t i n and Ames 7 with cytoplasmic RNA from rat liver or yeast RNA as standard.
H ybridization
Hybridization was carried out according to D r e w s and B r a w e r m a n 8 and N y g a a r d and H a l l 9. DNA was denaturated by boiling for 20 min in 0.04 M KC1 and 0.03 m tris-HCl buffer, pH 7.8 and rapidly cooled at -20 °C 9. Freshly denatured DNA and 14C-or tritium-labelled RNA were incubated in 1 ml of 0.6 M NaCl and 0.06 M sodium citrate, pH 7.0, in tighly closed scintillation vials at 67 °C for 18 hours. After annealing, the samples were cooled and treated with 5 ^g ribonuclease dissolved in 1 ml distilled water for 20 minutes. The samples were diluted with 15 ml of 0.9 M NaCl and 0.09 M sodium citrate, pH 7.0, col lected by suction filtration on nitrocellulose filters (Sartorius SM 11306, 27 mm, 0.45 ju) washed with about 80 ml of the same buffer, dried and counted by liquid scintillation.
Results
S ed im en tatio n c h arac te ristics of in v itro syn th esized RNA
The sedimentation pattern of R N A synthesized in isolated nuclei from young C a llip h o ra larvae is shown in Fig. 1 . The nuclear R N A fraction extracted by the hot phenol method consisted essentially of a large peak of low molecular weight material (2 to 5 S ) , a 18 S peak and m inor fractions at 10 S, 14 S and 2 1 -2 3 S.
Sucrose density gradient sedimentation profiles of RNA synthesized in isolated fat body cell nuclei from young larvae with an average weight of 28 mg. The nuclei were iso lated as described in Methods. After incubation the RNA was extracted by the hot phenol method and samples were centrifuged for 3.3 hours at 60.000 rev/min in the SW 65 rotor of the Spinco Model L-65 preparative ultracentrifuge at 0 °C on linear sucrose gradients of 5 to 30%. ---A254nm;
• -• 14C-counts/min.
The newly synthesized R N A had a maximum at about 14 S and its polydisperse sedimentation pat tern was quite different from the absorption peaks at 254 nm. R N A synthesized by nuclei from larvae older than 4 days and with a weight higher than 40 -50 mg showed lower sedimentation values (Fig. 2 ) . The differences between sedimentation patterns of controls and homone-treated nuclei were investi gated (Fig. 3 ) . No significant changes could be de tected after incubation with ecdysone or juvenile hormone in any of the stages of the feeding period.
Top
F ra ctio n n u m b e r Fig. 3 . Sucrose density gradient sedimentation profiles of RNA synthesized in isolated fat body nuclei after hormone treatment. The incubation and extraction were made as in dicated in Fig. 1 . Centrifugation was for 3.5 hours at 60.000 rev/min. Linear sucrose gradients of 5 to 30%.---A254 nm;
• -• Controls; 0 -0 ecdysone-treated nuclei; x -x juvenile hormone-treated nuclei.
The stimulation of R N A polymerase activity 1 and the sedimentation analysis of the R N A synthesized after incubation with the hormone could be inter preted as a rather general and unspecific increase in R N A synthesis under the influence of both hor mones. In order to detect changes in the population of R N A molecules after hormone treatment a more sensitive method of analysis was required. One of the most sensitive procedures available at the moment for the investigation of this problem is the RNA-DNA-hybridization technique. We therefore tried to analyse the in vitro-synthesized R N A by this method. For the analysis of the R N A synthesized in hor mone-treated nuclei, we have used the method of D N A saturation, which has been already employed by different authors to determine differences in R N A after hormone treatment10, n , after U V radiation 12 and also to characterize hybridized R N A 13. This method does not require excessively high quantities of R N A and eliminates the problem of RNA-RNA interactions in hybridization-competition studies. The hybridizability of R N A synthesized in control nuclei and hormone-treated nuclei from the same isolation batch was measured; the result was ex pressed as percent of the controls. In this manner it was possible to compare the hormonal effects of d if ferent experiments independent of the variation in the level of hybridization. The results of these ex periments are presented in Table 1 . R N A synthesized by ecdysone-or juvenile hormone-treated nuclei hy bridized significantly more than the R N A of control 10 G. R. W y a t t , discussion in: J. R. T a t a , Gumma Symp. nuclei. This effect could not be imitated by a juve nile hormone isomer devoid of juvenile hormone activity in vivo.
RN A-DN A -h yb rid iz atio n
In order to test the results obtained with the tech nique of DNA saturation, hybridization-competition studies were performed. Only one concentration (Labelled RNA: unlabelled RNA = 1:1) was tested, because it is difficult to isolate enough RNA for this kind of experiments. RNA from ecdysonetreated nuclei was able to compete more efficiently than the controls by about 12 -15% of the initial hybridization. The same experimental design with juvenile hormone gave similar results. These results can be considered as an additional support of the data obtained with the more accurate method of DNA saturation.
In other series of experiments we studied the inter action between ecdysone and juvenile hormone. In a previous communication we have reported an inter action between both hormones at the level of the nucleus L This result tempted us to compare the nature of the RNA synthesized in isolated nuclei after treatment with ecdysone and juvenile hormone by the method of competitive hybridization. Some of these experiments are summarized in Table 2 . The degree of inhibition of hybridization by a given amount of unlabelled RNA varies considerably from one experiment to the other, as has already been described8 in other systems with high concentra tions of competing RNA. Independent of the level of inhibition, juvenile hormone-treated nuclei synthe sized a RNA which could compete better with the 12 V . L. M a n t i e v a and V . Y . A r i o n , Molecular Biol. UdSSR 3, 294 [1969] .
13 P. J e a n t e u r and G . A t t a r d i , J Table 2 . Hybridization-competition studies with ecdysoneand juvenile hormone-evoked RNA species in fat body nuclei: RNA synthesized in ecdysone-treated nuclei was incubated with unlabelled RNA of control nuclei and of nuclei incu bated with juvenile hormone. Labelled RNA: unlabelled RNA:DNA = 6:6:1. In the second part of the table the ex perimental conditions were the same but labelled RNA was isolated from juvenile hormone-treated nuclei. The incuba tion conditions, RNA extraction and hybridization are de scribed in Methods.
R N A induced by ecdysone than the controls and vice versa. It seems that one part of the ecdysoneevoked R N A synthesis can be also induced by juve nile hormone and this fact could be explained as the activation of some genes by both hormones; the possible explanation of these results will be discus sed below.
Discussion
The R N A synthesized in isolated fat body cell nuclei of the blowfly C a llip h o ra e ryth ro c e p h ala showed a polydisperse sedimentation pattern in sucrose-density gradient centrifugation, with a maxi mum at about 14 S. This maximum was shifted to lower sedimentation values with R N A synthesized in nuclei of old larvae. A n increase in ribonuclease activity of the fat body during development could be one of the explanations of this phenomenon 14. The R N A species synthesized in isolated nuclei have a rather low molecular weight as compared with rapidly labelled R N A synthesized in vivo 14, a fact hybridization are not always considered to be de finitive evidence for qualitative changes in RNA. This technique seems to give quite variable results, especially if the RNA : DNA ratios are not high enough23; there are different opinions about the necessity of preincubation of the DNA with the competing RNA 23, or the need of simultaneous incu bation of competing and labelled R N A 24. On the other hand, large quantities of RNA are required. This is the main limitation in our system, because only relatively few animals can be prepared at the same time. The rapid degradation of the in vitro synthesized RNA is an additional complication. Under these conditions only restricted number of samples can be tested at the same time.
In a previous communication some integrations between ecdysone and juvenile hormone at the level of the nucleus were described 1. By incubating nuclei with both hormones together, RNA synthesis was partially inhibited. P a t e l and M a d h a v a n 25 have recently reported a similar effect on RNA synthesis in imaginal wing disks of the Ricini-silkworm after injecting a mixture of the two hormones. The working hypothesis was put forward, that some genes could be regulated by both hormones at the same tim e14 (without excluding the possible existence of specific ecdysone-o r juvenile hormone-dependent genes). According to this model, one hormone alone would lead to activation of the ecdysone-an d juve nile hormone-dependent genes, while both hormones together would inactivate them. In this manner, the fluctuating concentrations of both ecdysone and juve nile hormone in the larvae could lead either to sti mulation of RNA synthesis in some stages of deve lopment or to inhibition of this production in other stages. The competition studies described in this paper, while subject to the known limitations of this hybridization technique, are consistent with the existence of ecdysone-a n d juvenile hormone-depen dent genes. Work is now in progress to establish whether these genes produce informational RNA or whether they represent repetitive sequences involved in regulatory processes«.
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